Microwave imaging diagnostics such as Electron Cyclotron Emission Imaging (ECEI) and Microwave Imaging Reflectometry (MIR) have begun to realize their potential in applications on tokamaks around the world. The recent installation of new, state of the art ECEI diagnostics on DIII-D and KSTAR have built upon lessons learned in prototypes for TEXTOR to advance the technology far beyond the already impressive systems of the past. Furthermore, striking new physics results from DIII-D, ASDEX-U, and the combined MIR and ECEI system installed on LHD continue to prove that imaging diagnostics hold a special place in fusion research, providing unique opportunities for investigation of new physics and validation of existing theories and simulations. New technologies and techniques will be presented, including advancements in millimeter wave circuit and antenna design, quasi-optical coupling of plasma radiation, and both planar and waveguide filtering techniques. These are applied in 3-D imaging of electron density fluctuations on LHD and the simulation and design of MIR systems to be installed on DIII-D and KSTAR. Physical investigations reveal new 2-D images of Alfvén eigenmodes which confirm poloidal shearing predicted by gyrokinetic modeling. Also discussed are new observations of disruptive instabilities including edge localized modes (ELMs), tearing modes (TMs), and the sawtooth oscillation.
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